SAF-1 . Gilt-head seabream
Lymphocystis disease is a common chronic benign viral infection of a wide variety of marine and brackish water teleost fish with an almost world-wide geographical distribution (Walker & Hill 1980 , Berthiaume et al. 1984 , Anders 1989 . The disease is characterized by the development of nodules or clusters of tumourlike appearance on the skin and fins of infected fish (Nigrelli & Smith 1939) , provoked by the growth of abnormally enlarged cells containing viral particles in their cytoplasm (Wolf 1988) . Although infected fish appear unsightly, the disease is rarely fatal (Templeman 1965) , and under aquaculture conditions no significant mortality rate has been recorded (Tanaka et al. 1984 , Masoero et al. 1986 ). Lymphocystis viruses, belonging to the family Iridoviridae (Fenner 1976) , have been successfully assayed and quantified by TCIDS0 and IDso methods using the bluegill cell line BF-2 (Wolf et al. 1986 ). However, in this cell line a com-'Addressee for correspondence. E-mail: jjborrego@ccuma uma.es plete replication of the virus is not achieved, and, therefore, it is not a sensitive and accurate system for subculture and enumeration (Walker & Hill 1980) .
In recent years, gilt-head seabream Sparus aurata L. has emerged as the most important species in the fish aquaculture of the European Mediterranean countries, and therefore much attention has been paid to improve the production of this species by breeding and by disease control. Lymphocystis disease is the only described viral infection affecting this fish species (Paperna et al. 1982) . However, the in vitro effects of pathogenic microorganisn~s affecting gilt-head seabream have been carried out on heterologous fish cell cultures, from marine and freshwater fish species. For this reason, the establishment of a homologous and stable gilthead seabream cell line is desirable for the purpose of detecting specific pathogens, especially viruses, and evaluating the role of this fish species as asymptomatic carrier of different viruses that might affect other commercially cultured fish, such as salmonids, turbot and sole.
Recently, Bejar et al. (1997) described a new continuous cell line from fins of gilt-head seabream, named SAF-1. The scope of the present work is to determine the susceptibility of the SAF-1 cell line to several viruses repeatedly found in Spain in different cultured fish (Basurco et al. 1990 . If SAF-1 proved to be susceptible to a wide variety of marine fish viruses, then it would be possible to carry out virological surveys of populations of gilt-head seabream cultured in Southern Spain as recommended by the European Union (Bruno et al. 1997) prior to the fish export.
Material and methods. Cell lines: BF-2 from bluegill fry (ATCC CCL91) was used to culture all the viruses tested. Cells were propagated in Eagle's Minimum Essential medium (MEM) (Flow, Scotland, UK) supplemented with looh foetal bovine serum (FBS) (Flow), L-glutamine (10 mM), and penicillin (l00 IU ml-l) and streptomycin (100 pg ml-l) (P+S), and buffered with 0.15 mM Hepes (Flow). The cells were propagated at 20°C in 25 or 75 cm2 tissue culture flasks (Costar) . In open cell culture systems, Leibowitz (L-15) medium (Flow) with 10 % FBS and P+ S was used.
The cell line SAF-1 from gilt-head seabream was cultured as previously described by Bejar et al. (1997) using Dulbecco's Modified Eagle's medium/Nutrient Mixture Ham's F12 (DME/F12) (Sigma Chemical Co., St. Louis, MO) medium (pH 7.2) supplemented with 5 % FBS, 2 % L-glutarnine, and 1 % of an antibiotic/ antimycotic solution (100 IU penicillin G ml-l, 10 pg ml-l streptomycin, and 25 pg ml-' amphotericin). The cells were incubated at 20 to 25°C in a normal atmosphere incubator, and before reaching total confluence, they were subcultured by detaching them with 1 m1 of 1:250 trypsin-EDTA (10x) (Sigma) solution.
Viruses: Strains used as reference viruses included:
infectious pancreatic necrosis virus (IPNV) (ATCC VR 299); IPNV strain Ab (ATCC VR 1319); IPNV strain Sp (ATCC VR 1318); IPNV strain Jasper (ATCC VR 1325); IPNV strain Tellina-2 (ATCC 1321); IPNV strain N1 (kindly supplied by Dr E. Christie, Norway); IPNV solevirus, a strain isolated at our laboratory from Solea senegalensis ; infectious haematopoietic necrosis virus (IHNV) strain ATCC VR 714; viral haemorrhagic septicemia virus (VHSV) strain D1 (kindly supplied by Dr J. L. Baja, University of Santiago, Spain); and lymphocystis disease virus (LDV) strain isolated from diseased gilt-head seabream. Titration of the viruses was performed by the 50% tissue culture infectious dose (TCID,, ml-l) procedure, using 6 wells per dilution, according to the method described by Reed & Muench (1938) .
Monolayer infection: SAF-1 cells growing on 24-well plastic dishes (Costar) were tested for susceptibility to the viruses listed above. Both cytopathicity and virus replication were assessed in the cell line. Medium was removed when the monolayers possessed 90 % confluence (usually 3 d old cultures). The plates were inoculated in quadruplicate with 0.2 m1 well-' of IPNV (100 TCIDSo m]-') suspended in serum-free medium. Viruses were adsorbed at 15°C for 2 h, then the inoculum was removed, and fresh medium was added to the wells. Infected monolayers were incubated at 20°C and examined daily for the presence of typical cytopathic effects (CPE). A second passage of the infected monolayers was conducted when 80% of the cells showed CPE or at 7 d postinfection when no CPE were evident (blind passage). In this second passage, when the majority of the infected cells had detached from the plate surface, the culture media with the cells were disrupted by sonication and assayed to determine viral yields on SAF-1 cells growing on 96-well plastic dishes (Costar). The BF-2 cell line was tested in parallel for viral replication.
Results. LDV replicates in the SAF-l cell line produced CPE similar to those described in BF-2 cell line, i.e. an enlargement of infected cells and presence of cytoplasmic inclusions. CPE were first recorded at 3 d post-inoculation, although only 25 % of the cells were affected. At 6 d post-inoculation, CPE extended to 50 % of the cell monolayer ( Table 1 ). The LDV strain isolated from diseased Sparus aurata replicates in SAF-1 cells and yields more viral particles than the BF-2 cell line (5 X 104 vs 3 X 10' TCIDSO ml-l) ( Table 2) .
Both VHS and IHN rhabdoviruses and some aquabirnaviruses (IPNV) were able to replicate in the SAF-1 cell line, although significant differences among TPNV strains were observed (Table 1) . CPE were recorded on the first day after inoculation with IHNV, which replicated rapidly in the new cell line. CPE of VHSV were delayed by more than 4 d and only 50% of the cells were affected at 6 d post-inoculation. The IPNV strains VR 299 and Sp showed slow CPE at 3 d post-inoculation, which did not progress to 75 % of the cell monolayer until the 6th day after inoculation. The strains Ab, Jasper and Tellina-2 did not produce CPE in SAF-1 cells and infectious virus was also not recovered after 2 blind passages. The infective titers of the viruses before adaptation to the culture in SAF-1 cells (viral passages and titrations performed in BF-2 cells) and the viral yields obtained cells after 2 successive passages in this cell line are summarized in Table 2 . The results show a high infective titer for IHNV and VHSV in both SAF-1 and BF-2 cell lines. The IPNV strains that replicate in SAF-1 cells yielded fewer infectious viral particles (about 100 to 1000 TCID,, ml-l) than rhabdovirus As in other cell lines, the CPE produced by IPNV in SAF-1 is a characteristic feathery type, affected cells having pycnotic nucleus (Fig. l E , F (Fig. lC, E) . The growth of VHSV was slower and the CPE were a general rounding in grape-like fashion of cells; detached cells first appeared in the form of focal areas of rounded cells and coarsely granular debris, as in other fish cell lines (Fig. 1B) .
Discussion. With the increasing recognition of the significance of viral diseases in fish populations, much interest is now being focused on the development of cell culture techniques for the diagnosis and study of latent and virulent fish viruses. The development of the SAF-l cell line described by Bejar et al. (1997) provides a useful tool for the isolation and culture of viruses infecting gilt-head seabream Sparus aurata.
SAF-1 can grow optimally in a wide temperature range (Bejar et al. 1997) , which increases its potential suitability for isolation of both warm-water and coldwater fish viruses (Nicholson et al. 1987) . In addition, the use of SAF-1 has allowed us to detect and quantify lymphocystis viruses that do not replicate in standard fish cell lines, but require highly differentiated cells, such as BF-2. LDV is characterized by the development of macroscopic wart-like clusters of hypertrophic fibroblastic cells which arise from dermal integument and are usually covered by a layer of epithelium. Although there is little evidence of the disease causing mortalities in adult fish, it compromises growth and serious economic losses may occur as a consequence of infection of cultured fish, as obviously infected fish cannot be sold commercially. The occurrence of lymphocytis in natural and in aquaculture conditions indicates that contact transmission is the principal means by which this virus is spread and incubation of the disease depends on host species, virus and temperature. In cold-water hosts its presence is long lasting (visible lesions may persist for a year), while in warm-water species the cycle is often completed in several weeks. Diagnosis is usually carried out by visual examination and confirmed by histologic section, but early isolation in cell cultures and identification of the etiological agent before the lesions become apparent should be the ideal approach for avoidance and application of control measures. Although natural lymphocystis infections have been reported in several fish species, for example Archosargus probatocephalus and Stizostedion vitreum vitreum, the viruses did not infect cell lines derived from this species (Smith & Taylor 1972 , Kelly et al. 1980 . In this way, the high susceptibility of the SAF-1 cells, a line derived from seabream, to LDV isolated from the same fish species is encouraging.
Studies of the ability of the SAF-l cell line to detect salrnonid viruses showed different results depending on the type of virus tested. Thus. SAF-1 was optimal to support the replication of IHNV. VHSV and some strains of IPNV. However, this cell line did not provide significant replication of the IPNV strains Ab, Jasper and Tellina-2. Descriptions of cellular resistance to some IPNV isolates are well known, as in the case of no replication of strain Ab in fathead minnow peduncle (FHM) cell line. The experiments described in this study were performed using IPNV strains that have been cultured in BF-2 cell line and with the same viruses after being adapted to SAF-1 cells by 2 successive passages. The results confirmed both the low susceptibility of the cell lines to Ab, Jasper and Tellina-2 strains that lost all infectivity and the quick adaptation of the other IPNV strains. This finding suggests that the natural resistance of some fish species may occur at the cellular level (Wingfield et al. 1970 , Pilcher & Fryer 1980 . Nicholson et al. (1987) demonstrated variable abilities of different isolates of IPNV to replicate in different fish cell lines. In addition, in vitro studies have demonstrated that IPNV exhibit homologous interference, presumably by the generation of defectiveinterfering (DI) particles (Hedrick & Fryer 1981) . Such interference could be involved in the establishment of persistent in vitro infections, in which D1 particle input and low levels of infectious viruses may be produced for a long period of time without any CPE.
In short, the present study shows the first report of lymphocystis virus replication in a marine fish cell line different than BF-2. This first cell line, derived from its specific host, gilt-head seabream Sparus aurata, offers a wide range of susceptibility for several well-known virulent salmonid viruses. Thus, it can be a useful tool in studying undetected viruses in marine species.
